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(3) A fluid transport hose. 

(57) The present invention relates to fluid transport hoses (20) 
suitable for transporting oil from a tanker to a mooring buoy at 
sea. 

In order to detect the imminent rupture of a hose (20) 
there is provided a sensing element (24) located between the 
plies (22,26), the sinsing element (24) being responsive to the 
electromagnetic properties of the fluid present between the 
plies (22,26) as a result of a failure of an inner ply (22) of the 
hose 120). Alternatively, the sensing element (24) may be 
adapted to respond by presenting an open circuit upon failure 
of the inner ply (22) of the hose (20). A fibre optic element may 
be advantageously employed as the sensing element (24) in 
■ this alternative. The sensing element (24) may respond by a 
C change in the conductance, capacitance and/or inductance or 
in its ability to carry a radio frequency signal. 




FIG.2. 
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Figure 2 show, a action of . hose fomlns p.rt of the pipeline 
shown in Figure 1, the hose section being cut away to Illustrate 
the composite structure of the hose. 

Referring to Figure 1, there Is shown a tanker 10 «ored 
by a buoy 12. Oil Is transferred fron, the tanker 10 to 
the buoy U through an oil transfer pipe 14 which is flexible 
and which may float In part. The oil is delivered to an 
onshore station the submerged pipeline 16. The transfer 
pipe 14 is fomed of individual hose sections 20 which are 
flanged at each end so that they may be joined together. 
The hose sections 20 must be flexible and yet capable of 
withstanding the harsh environment to which they are subjected. 
The hose sections 20 are of a c^posUe structure and this 
,s Illustrated In Figure 2. Each hose section 20 consists 
Of a high grade synthetic rubber tube 22. a sensing element 
24 Which is in contact with the outer surface of the tube 
22 a textile ply 26 impregnated and coated with synthetic 
rubber, an overlay 28 of plies of braided high tensile steel 
cable, a layer of synthetic rubber 30 In which helically 
wound steel wire 32 is embedded and an outer sheath of wear 
resistant material 34. 

The sensing element 24 should be flexible enough to withstand 
distortions of the hose section caused by installation. 
. operational manipulation and »bient sea conditions insofar 
as these do not result In damage to the hose. The flexibility 
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of the sensing element 24 Is of greater practical significance 
when the hose section is not provided with a reinforcing 
steel wire 32, such hose sections are becoming more common. 

The sensing element 24 is comprised of a coil of fine wire 
wrapped around the tube 22 and connected to a sensing unit 
(not shown) which is responsive to a change in the electrical 
impedance of the coil. This embodiment of the sensing element 
24 is particularly useful since it is responsive to the 
presence of oil between the plies and is also responsive 
to the deformation of the tube 22. In the event of oil 
seepage, the inductance of the coil 24 will be changed by 
virtue of the change in the magnetic properties of the material 
immediately contacting the coil 24 and in the event of deformation 
of the tube 22 this will change the inductance of the coil 
24 but may additionally cause rupture of the coil 24 resulting 
in an open circuit. The coil 24 is positioned adjacent 
the tube 22 in order to provide an early indication that 
breakdown of the hose section 20 is imminent. 

The sensing unit, which is responsive to a change in the 
electrical impedance of the coil 24, may comprise an inductive 
bridge circuit in which the inductance of the coil 24 is 
compared with a reference inductance. Alternatively, the 
inductance of the coil. 24 may fom part of a tuned circuit 
wherein the frequency of oscillation of the tuned circuit 
will vary in accordance with changes in the inductance of 
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the coil 24. A further alternative is to arrange the inductance 
of the coil as part of a blocking oscillator circuit in 
which case the circuit responds when the inductance of the 
coil 24 reaches a threshold value. The sensing unit may 
be encapsulated between the plies of the hose. 

A signal indicative of the imminent breakdown of the hose 
section 20 is produced by thj coil 24 in combination with 
the sensing unit to which the coll 24 is connected. This 
signal is combined with a further signal, produced by additional 
circuitry, which identifies the specific hose section 20. 
The combined monitoring signal is relayed to a suitable 
receiving station from which the entire length of the oil 
transfer pipe 14 may be kept under surveillance. The combined 
monitoring signal is preferably relayed to the receiving 
station by means of radio-transmission. The radio transmitter 
can be separate from or combined with the sensing unit and 
additional circuitry, in the case of the combination the 
circuits can be encapsulated and mounted on a flange at 
one end of the hose section 20. 

Whilst the preferred fom of the sensing element 24 is that 

of a coil of fine wire several advantageous variations exist. 

The characteristic of the sensing element 24 which is used 

to monitor the hose and the sensing unit responsive to variations 

of that characteristic are dependent upon the form of the 

sensing element and the form or forms of deterioration which 



_ 0025344 

- 8 - 

are being relied upon to indicate imminent breakdown of 
the hose section 20. 

When the sensing element 24 is primarily intended to be 
responsive to the seepage of oil between the plies of the 
hose section 20. the sensing element 24 may comprise several 
components the capacitance or conductance between which 
is used to monitor the hose section 20. The sensing element 
24 may be in the form of parallel non- touching wires which 
are connected to a sensing unit responsive to a change in 
the conductance of the material disposed between the individual 
wires or to a change in the capacitance between the wires. 
Alternatively, the sensing element may be in the form of 
conductors printed onto a flexible backing sheet which is 
wrapped between the plies or may comprise similarly disposed 
sheets of aluminium foil. A further alternative embodiment 
of the sensing element 24 is the use of a magnetic tape 
wrapped around or along the tube 22. A radio frequency 
signal is continuously or periodically transmitted along - 
the magnetic tape with known filtering and detection techniques 
being employed to determine when the transmission of the 
signal along the magnetic tape has been affected by the 
presence of oil between the plies of the hose due to seepage 
through or rupture of the tube 22. 

It is advantageous to dispose particles of a suitable material 
between the plies of the hose together with the sensing 
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element. These particles become suspended in the fluid 

which flows between the plies as a result of rupture of 

the tube 22 and serve to enhance the change in the electromagnetic 

parameters to which the sensing element responds. The use 

of particles of carbon black is particularly advantageous 

in the case of a sensing unit responsive to a change in 

conductance between the conductors of a sensing element 

consisting of parallel non- touching wires. Other suitable 

materials include particles having strong magnetic or conductive 

properties such as ferrous oxide. Care should bfe taken 

to ensure that the adhesion between the plies of the hose 

is not significantly reduced by the presence of the particles 

between the plies. 

All of the above mentioned forms of the sensing element 
24 are also responsive, to varying degrees, to deformation 
and rupture of the tube 22. Rupture of the tube 22 will 
result in the sensing element 24 being broken which can 
be detected and thus used to monitor the hose- When detecting 
the deformation and rupture of the. tube 22 an advantageous 
embodiment of the sensing element 24 involves the use of 
a fibre optic element. Rupture of the tube 24 will cause 
the fibre optic element to break and thus result in the 
fibre optic element being unable to transmit a signal. 
The use of a fibre optic element is advantageous due to 
the material from which It is manufactured and the methods 
by which it may be coupled to transducers, particularly 
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when compared with the corresponding properties of electrically 
conducting elements. 

Additional n,onitoring of the hose sections 20 may be provided 
in order to detect the occurrence of physical damage to 
the outer plies of the hose. Such damage can be caused 
by passing vessels sailing over the floating hose 14. The 
additional monitoring may be effected by the use of a sensing 
element (not shown) positioned between the layer of synthetic 
rubber 30 and the outer sheath 34. ' The sensing element 
(not shown) may take the fom of any of the above described 
variations of the sensing element 24 which, in combination - 
with the respective sensing unit, is capable of detecting 
changes in characteristics caused by physical damage to 
the outer plies of a hose section 20. The sensing element 
(not shown) may be separate from or a continuation of the 
sensing element 24. The preferred form of the sensing element 
(not shown) is a fibre optic element, which will produce 
an open circuit When damage occurs. Preferably, indication 
of damage to the outer plies of a hose section 20 is relayed 
to the receiving station by a unique code used within the 
signalling system described above. 

An additional detection device in the form of a pressure 
sensitive switch may be provided on the hose sections and 
is particularly useful when used on the hose section which 
is unattached at one end when the pipeline is not connected 
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to a tanker. The pressure sensitive switch produces a signal 
if the free end of the pipeline sinks to a critical depth, 
that is the depth at which the remainder of the floating 
hose begins to be dragged below the surface of the sea. 

Several variations of the signalling system are possible. 
Imminent breakdown of the hose section 20 may be signalled 
solely by a visual signal transmitted from the hose section 
20. Monitoring signals may be relayed to the receiving 
station by cable transmission. The hose sections 20 constituting 
the oil transfer pipe 14 may be grouped into sets with the 
transmission of monitoring signals being relayed from each 
set. The relay of monitoring signals to a receiving station 
by means of radio transmission may occur by means of several 
radio links between relay stations, one such relay station 
may conveniently be positioned on the buoy 12. 

The apparatus can be arranged so that the condition of the 
hose sections 20 are under surveillance, are periodically 
and/or sequentially inspected or arranged so that a warning 
signal is produced only when breakdown of a hose section 
20 is imminent. 
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CLAIMS 



1.. A fluid transport hose (20) having two or more plies 
(22.26.28.30,34) characterised by a sensing element (24) 
located between the plies (22.26) of the hose (20). the 
sensing element (24) being responsive to the electromagnetic 
properties of fluid present between the plies (22.26) as 
a result of a failure of an inner ply,^(22) of the hose (20). 

2 A fluid transport hose as claimed in claim 1. wherein 
the sensing element (24) is in the fom of a coil of conductive 
material wound helically around an inner ply (22) of the 
hose (20). 

3. A fluid transport hose as claimed in claim 1. wherein 
the sensing el^ent (24) is in the fonn of non-touching 
conductive elements. 

4. A fluid transport hose as claimed In claim 1, wherein 
the sensing element (24) Is In the form of a magnetic tape. 

5 ^ fluid transport hose as claimed In any preceding claim 
Wherein particles of a suitable material are located between 
the plies (22.26) together with the sensing element (24) 
such that the particles enhance the electromagnetic properties 
of the fluid present between these plies (22.26) as a result 
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Of the failure of the inner ply (22) or plies. 

6. A fluid transport hose as claimed in any preceding claim 
in combination with sensing means, the sensing means producing 
an output signal upon response of the sensing element (24) 

to the rupture of an inner ply (22) or plies. 

7. A fluid transport hose combined with sensing means as 

,/ 

claimed in claim 6 in combination with a monitoring system 
which periodically interrogates the sensing means to determine 
whether or not an inner ply (22) or plies of the hose (20) 
have ruptured. 

8. A fluid transport hose (20) having two or more plies 
(22,26,28,30,34) characterised by a sensing element (24) 
located between the plies (22,26), the sensing element (24) 
being adapted to respond to the failure of an inner ply 
(22) of the hose (20) by presenting an open circuit. 

9. A fluid transport hose as claimed in any preceding claim, 
wherein a secondary sensing element is provided on the surface 
of an outer ply of the hose (20), the secondary sensing 
element being responsive to a rupture of the outer ply. 

10. A fluid transport hose as claimed in claim 8 or claim 9 
as dependent upon claim 8. wherein the sensing element (24) 
Is in the fonn of a fibre optic element. 
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